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Abstract: The present study aimed to evaluate the volatiles profile of red mombin 
(Spondias purpurea) pulp and its powder produced by spray-drying (SD) as an example to 
show utility of headspace solid-phase microextraction (HS-SPME) in the analysis of 
parameters such as the quality and stability of fruit products. Volatiles profiles of the pulp 
were identified by gas chromatography-mass spectrometry (GC-MS), quantified by gas 
chromatography-flame ionization detector (GC-FID) and compared to the profile of the 
powder stored at 0, 60 and 120 days in plastic (PP) or laminated packages (LP). The results 
showed that the technique was able to identify 36 compounds in the red mombin pulp,  
17 out of which have been described for the first time in this fruit, showing that red  
mombin fresh pulp appears to be unique in terms of volatiles composition. However, only 
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24 compounds were detected in the powder. This decrease is highly correlated (r2 = 0.99), 
at least for the majority of compounds, to the degree of volatility of compounds. Furthermore, 
the powder stored in PP or LP showed no statistical differences in the amounts of its 
components for a period of 120 days of storage. Finally, this work shows how HS-SPME 
analysis can be a valuable tool to assess the quality and stability of fruit products. 
Keywords: volatiles profile; headspace solid-phase microextraction; spray-drier; gas 
chromatography; fruit powder 
 
1. Introduction 
Brazil is a country that stands out for its climatic conditions and a large diversity of tropical fruits 
with distinctive exotic flavors, which are appealing to foreign consumers [1]. Red mombin (Spondias 
purpurea) is a small red fruit with pleasant aroma and flavor, commonly found in Central America and 
the Northeast of Brazil [2,3] that is almost exclusively consumed locally due to its relatively short 
harvest period (between December and January). Nevertheless, this fruit presents good perspectives for 
commercial purposes since the use of postharvest technologies could extend its shelf life. Derivative 
products like red mombin powder can add value to this product, increasing the supply and allowing 
commercialization in regions were the climate is not favorable for its cultivation. 
However, fruit processing can affect the flavor, a critical quality attribute for consumers’ 
acceptance [4,5]. The volatile compounds that are involved in fruit aroma and flavor are produced by 
several metabolic pathways during ripening, harvest, postharvest and storage periods. Many volatile 
compounds can be found in a single fruit, but generally only a small group of compounds are 
responsible for the original aroma of the fruit. The different proportions of these compounds often 
determine the flavor properties and thus the quality of a fruit [6,7]. 
Drying is an alternative method to preserve food quality. Reduction of water content and moisture 
can reduce microbial growth and enzymatic activity, increasing the product’s shelf life [8]. This 
process is also useful to reduce the product weight and volume, facilitating transportation and handling. 
One of the most common techniques to remove the water content from fruits is the spray-drying (SD) 
process that allows food products to dry in a relatively short time and can be carried out on an 
industrial scale [9–11]. One disadvantage is that SD uses heat, which can affect the volatiles 
composition of the final product. Furthermore, although the powder produced by SD has a longer shelf 
life than the whole fruit, this process must be evaluated with regard to the sensory attributes of fruits 
during storage. The classical approach to flavor analysis in food products involves the isolation of 
volatiles from the matrix, followed by pre-concentration, separation and identification. Headspace 
solid-phase microextraction (HS-SPME) is a versatile technique for sample preparation and analysis, 
which offers several advantages such as high sensitivity, good reproducibility, and a simple, quick, 
solvent-free preparation [12,13]. Among the several uses of HS-SPME, this technique can be a 
valuable tool for evaluating the processing effect of the volatiles composition of a food product and the 
stability of volatiles during storage. 
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In this work, the volatile compounds of red monbim pulp were analyzed in fresh pulp and after the 
dehydration by the SD process. The stability of the powder volatiles profile after 60 and 120 days of 
storage in different packages was also checked. The results showed that HS-SPME could be a useful 
tool in industry to evaluate food products. It was also observed that the volatiles profile of red monbim 
pulp is stable for a period of longer than 100 days after dehydration. To our knowledge, this is the first 
time that an attribute related to a red monbim pulp product was evaluated for storage time. 
2. Results and Discussion 
2.1. Volatile Composition of Red Mombin Pulp 
In this work the HS-SPME technique was used as a tool to assess the quality and stability of red 
mombin pulp and the powder produced by SD. The use of HS-SPME and subsequent analysis by gas 
chromatography coupled with mass spectrometry (GC-MS) was able to detect a total of 36 volatile 
compounds in the headspace of mombim pulp samples, 17 (47.2%) of which have been reported for 
the first time in this fruit. Thirty-four (94.4%) compounds were identified (Table 1), mostly terpenes 
(11), followed by alcohols (nine), alkanes (five), esters (five) and ketones (two).  
Table 1. Volatile compounds of red mombin (Spondias purpurea) pulp and powder stored 
at 0, 60 or 120 days in plastic (PP) or laminated packages (LP). Each value represents the 
mean ± SD (×106 chromatogram units) of three analyses of different pools. 
Peak Compound RI 
Integral 
pulp 
Powder 
After SD PP LP 
(day 0) (day 60) (day 120) (day 60) (day 120) 
1 hexane * >700 10.7 ± 1.3 1.2 ± 0.1 1.6 ± 0.3 1.1 ± 0.3 1.6 ± 0.5 1.3 ± 0.4 
2 ethyl acetate a >700 107.5 ± 8.4 nd nd nd nd nd 
3 2,3-pentanedione * >700 41.6 ± 4.3 nd nd nd nd nd 
4 3,3-dimethyl pentane * >700 11.17 ± 0.47 nd nd nd nd nd 
5 ciclohexane * >700 6.44 ± 0.12 nd nd nd nd nd 
6 2-methyl-butanol * >700 4.01 ± 0.31 nd nd nd nd nd 
7 3,4-dimethyl-pentanol * >700 4.31 ± 0.35 nd nd nd nd nd 
8 1-penten-3-ol * >700 27.9 ± 6.6 nd nd nd nd nd 
9 2-penten-1-ol * 793 20.1 ± 1.7 2.0 ± 0.7 1.7 ± 0.3 1.9 ± 0.5 1.2 ± 0.1 1.5 ± 0.3 
10 2,3-butanediol * 794 18.2 ± 0.5 0.9 ± 0.3 1.0 ± 0.3 0.7 ± 0.1 0.6 ± 0.0 0.7 ± 0.1 
11 5-hexen-2-one * 795 1.6 ± 0.1 0.9 ± 0.2 0.7 ± 0.0 0.9 ± 0.4 0.8 ± 0.1 0.7 ± 0.2 
12 isopentyl acetate b 795 4.2 ± 0.1 nd nd nd nd nd 
13 4-pentenal * 796 2.4 ± 0.1 nd nd nd nd nd 
14 butyl ethanoate * 797 1.0 ± 0.0 nd nd nd nd nd 
15 Hexanal a 801 194.2 ± 13.6 57.9 ± 10.3 45.4 ± 1.7 41.6 ± 4.9 34.1 ± 2.3 33.7 ± 3.5 
16 trans-2-hexenal a 848 4.5 ± 0.3 2.8 ± 0.8 3.1 ± 1.1 1.9 ± 0.6 1.7 ± 0.2 1.4 ± 0.2 
17 ethyl 2-methylbutanoate * 852 4.7 ± 0.5 2.7 ± 0.5 2.0 ± 0.0 2.1 ± 0.8 1.8 ± 0.1 1.8 ± 0.1 
18 ethyl 3-methylbutanoate 857 nd 2.2 ± 0.7 2.3 ± 0.7 2.3 ± 0.4 2.2 ± 0.2 1.3 ± 1.0 
19 3-hexen-1-ol a,b 858 165.2 ± 16.3 97.5 ± 7.3 88.0 ± 6.1 66.8 ± 9.4 89.3 ± 2.7 90.1 ± 8.1 
20 NI 867 21.5 ± 2.3 6.0 ± 2.0 7.1 ± 2.6 6.4 ± 1.2 2.9 ± 0.0 2.7 ± 0.6 
21 2,6-dimethyl-1-heptene * 870 36.9 ± 0.9 14.1 ± 2.8 15.5 ± 0.2 19.2 ± 3.9 14.4 ± 2.0 13.9 ± 1.1 
22 2-hexen-1-ol a 873 114.7 ± 10.8 66.2 ± 3.8 75.6 ± 7.0 66.9 ± 6.1 71.3 ± 5.0 72.7 ± 4.4 
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Table 1. Cont. 
Peak Compound RI 
Integral 
pulp 
Powder 
After SD After SD After SD 
(day 0) (day 0) (day 0) (day 0) (day 0) 
23 β-pinene b 945 nd 5.8 ± 0.5 11.5 ± 4.21 13.5 ± 5.3 9.3 ± 0.1 9.1 ± 0.3 
24 β-myrcene b 991 1.9 ± 0.2 nd nd nd nd nd 
25 Limonene a,b 1030 14.0 ± 0.2 27.3 ± 5.4 31.0 ± 3.0 27.0 ± 5.1 23.5 ± 1.7 24.1 ± 3.3 
26 Copaene b 1373 15.0 ± 1.6 nd nd nd nd nd 
27 β-caryophyllene a 1415 45.2 ± 7.3 1.7 ± 0.3 1.6 ± 0.4 1.4 ± 0.4 0.9 ± 0.1 0.9 ± 0.1 
28 non identified terpene 1446 2.8 ± 0.5 0.5 ± 0.0 0.5 ± 0.1 0.4 ± 0.1 0.2 ± 0.0 0.4 ± 0.2 
29 α-caryophyllene a 1452 14.6 ± 1.5 0.7 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.4 ± 0.0 0.4 ± 0.0 
30 NI terpene 1470 1.6 ± 0.2 1.2 ± 0.4 0.7 ± 0.0 0.7 ± 0.2 0.6 ± 0.0 0.6 ± 0.1 
31 NI terpene 1472 4.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 
32 α-muurolene * 1494 4.8 ± 0.5 tr tr 0.4 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 
33 pentadecane * 1500 2.5 ± 0.1 2.5 ± 3.7 0.3 ± 0.1 0.4 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 
34 NI terpene 1514 8.2 ± 0.4 1.5 ± 2.2 0.3 ± 0.1 0.4 ± 0.1 0.3 ± 0.0 0.3 ± 0.0 
35 NI 1615 81.9 ± 3.0 3.3 ± 2.1 4.5 ± 0.9 5.1 ± 1.4 4.8 ± 0.1 5.3 ± 0.9 
36 α-bisabolol * 1683 19.2 ± 2.1 0.9 ± 0.2 0.7 ± 0.0 0.6 ± 0.2 0.9 ± 0.1 1.3 ± 0.7 
RI: retention index in a DB-5 column; nd: not detected; tr: traces (>0.01 × 106 counts); NI: non identified;  
*: first time identified in red mombin; a: also identified by Ceva-Antunes et al. [14]; b: also identified by 
Augusto et al. [15]. 
Using the same technique, Augusto et al. [15] identified 19 compounds with a 
carboxen/polydimethylsiloxane (CAR/PDMS) fiber coating (eight esters, seven alcohols, two aldehydes 
and two ketones). These authors, however, did not specify the relative amount of the compounds found 
in the chromatograms and used a higher temperature for the volatiles extraction (60 °C), which may 
have led to the formation of artifacts or even the degradation of some of the aroma compounds.  
In another work with red mombin pulp, Ceva-Antunes et al. [14] evaluated the extraction  
efficiency of volatiles using four types of SPME fiber coatings. The authors showed that the 
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fiber, used in the present work, 
extracted a larger number (27) and amount of volatile compounds from red mombin pulp. They 
identified nine esters, seven aldehydes, five terpenes, four alcohols and two ketones. This was an 
important study since several coatings of SPME fibers are available for the extraction of compounds 
with different levels of polarity, but no one will extract all volatiles at the same extent. Therefore, for 
each type of sample, it is important to evaluate fibers of different polarities. 
The differences between the red mombin volatile profiles determined by Ceva-Antunes et al. [14] 
and the present work should be related to: (1) the sampling method; (2) the harvest season; or even  
(3) environmental factors, such as climate and soil, which can have an effect on the volatile metabolic 
pathways [16–19]. In this work it was used a relatively large sample (20 kg) derived from distinct 
regions and climatic conditions from different regions of Brazilian Northeast. Thus, the sampling 
allowed the identification of more compounds when compared to studies that evaluated fruits from 
specific regions [14]. 
In order to analyze the volatile compounds of natural red mombin pulp, we performed three 
extractions using different pools of pulp. The results showed that the total chromatograms areas were 
Molecules 2014, 19 16855 
 
 
quite similar among extractions, with a coefficient of variation of 4.92%. The same compounds were 
identified in the extractions, with the exception of butyl ethanoate, which was detected only in one 
injection, as the compound present in the lowest amount (representing only 0.08% of the chromatogram 
relative area). Regarding peak area, alcohols were the major class of fresh red mombin pulp volatiles, 
followed by aldehydes, esters and terpenic compounds (Figure 1a).  
Figure 1. (a) Relative chromatogram area of alcohols (alc), aldehydes (ald), terpenes (ter), 
esters (est), alkanes (alk), ketones (ket) and non-identified (ni) compounds in red mombin 
pulp; (b) chromatogram area of red mombin pulp before and after the spray-drying (SD) 
process; (c) chromatogram area of the majority of compounds of the red mombin pulp 
before and after the SD process; (d) chromatogram area of volatile compounds of the 
powder of red mombin pulp during storage with plastic (PP) or laminated package (LP). 
Values represent the mean of three analyses. *: significantly difference (p < 0.001; t test). 
 
Although these results are different from another study [14] that found esters and aldehydes as the 
main chemical classes in the red mombin fruit, most compounds are almost the same. In our work, we 
found hexanal, 3-hexen-1-ol, 2-hexen-1-ol and ethyl acetate as the major compounds, while  
Ceva-Antunes et al. [14] found hexanal, 3-hexen-1-ol, trans-2-hexenal, 2-hexen-1-ol, hexyl acetate and 
ethyl acetate. Terpenes were more abundant in number of compounds, differing from other tropical 
fruits, including species of Spondias genre like umbu-caja (S. citherea), taperebá (S. mombin) and cajá 
(S. mombin) [20,21]. Spondias purpurea, therefore, it appears to be unique in terms of volatile composition. 
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2.2. Effects of Spray-Drying (SD) on the Volatiles Composition of Red Mombin Pulp 
The volatiles profile of red mombin pulp dehydrated by the SD process was also evaluated. In order 
to allow a comparison between the integral pulp and the dry material, the powder was reconstituted in 
distilled water until it reached the same amount of soluble solids of the pulp before the dehydration  
(17 °Brix). Results showed a significantly difference between the volatile profiles of the pulp before 
and after the SD process, as can be seen in the total chromatogram areas (Table 1). The amount of 
volatiles decreased 70.56% after the SD process, especially for the ketones and esters, which showed a 
reduction of chromatogram area of 98.04% and 95.81%, respectively (Figure 1b).  
With regard to the major volatile compounds of red mombin pulp, the losses during the drying 
process were highly correlated (r2 = 0.99; Pearson correlation) with the degree of volatility of these 
compounds. Ethyl acetate, a relatively highly volatile compound (Tboiling = 77.2 °C) was not observed 
after the SD process, while hexanal (Tboiling = 129.0 °C) suffered a loss of approximately 70% and the 
alcohols 2-hexen-1-ol (Tboiling = 159.0 °C) and 3-hexen-1-ol (Tboiling = 157.0 °C) lost 41% and 42%, 
respectively (Figure 1c). 
Only 24 out of 36 compounds detected in the pulp remained in the dried product and only limonene 
(peak 25; Table 1) was detected in larger amounts after drying. Two other compounds were identified 
only in the processed product: ethyl-3-methylbutanoate (peak 18; Table 1) and the β-pinene (peak 23; 
Table 1). Although the amounts of the majority of the volatile compounds detected in the pulp 
decreased after the SD process, the use of a high temperature (120 °C) could promote a disruption of 
the fresh pulp cells, modifying the molecular interactions between flavor compounds and matrix 
constituents [22] and releasing products that were bound to the matrix. This could explain the higher 
amounts of limonene and the appearance of new volatile compounds after the SD process. 
The results showed that, as already observed for roselle extracts (Hibiscus sabdariffa L.) [23], only 
part of the volatile compounds from the pulp is retained in the powder after the SD process. The 
degradation induced by the heat can lead the formation of substances which were not previously 
detected, suggesting that SD may have a significant effect on the qualitative and quantitative 
composition of red mombin pulp and possibly in their acceptance by the consumer. Further studies are 
needed to assess the effects of this processing method in the sensory quality of the product. 
2.3. Volatile Compound Stability of the Red Mombin Pulp Stored in Different Packages 
The drying process tends to facilitate transportation of the material in addition to providing greater 
stability, reducing the growth of microorganisms and the physical and chemical degradation of 
substances. When the product is properly packed, oxygen contact and moisture gain are avoided, thus 
preventing agglomeration and solidification, which may give a longer shelf life to the product [24]. 
Based on these advantages, we decided to evaluate the volatiles composition of the powder stored for 
60 and 120 days in plastic packages (PP) or laminated packages (LP), subjected to storage conditions 
of 25 ± 2 °C and 85% ± 5% of relative humidity. The results showed that both packages were able to 
maintain the volatile composition of the powder for the studied storage period, as can be seen in the 
total chromatogram area of the volatile profiles (Figure 1d). Thus, LP or PP could be adequate for the 
maintenance of the volatile composition of the product for a relatively long period of storage. 
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3. Experimental Section 
3.1. Materials 
Frozen red mombin (Spondias purpurea) pulp was acquired from the Ki-Polpa company (Fortaleza, 
CE, Brazil) and transported to the Laboratory of Quality Control and Drying of the Department of 
Food Technology at Federal University of Ceará. The pulp was whole, free of added water, with 
conserving and thermal treatments. Samples (n = 200) from the same batch (number 1, 05196-00017-5) 
in packages of 100 g were used for analyses. The material was stored at −18 °C until processing. 
The red mombin pulp powder was obtained by drying a solution containing 90% of integral pulp 
and 10% of maltodextrin (DE = 20) in a LM MSD 1.0 spray-dryer (SD, Labmaq, Ribeirão Preto, SP, 
Brazil) with an inlet drying temperature of 120 °C, outlet temperature of 80 °C and flow rate  
of 240 mL·h−1. Samples of pulp powder (10 g) were packed in plastic (PP: pet-ethylene 
polyterephthalate + polypropylene/pet + polyethylene film, density of 100 g·m−2) or laminated 
packages (LP: aluminium/pet + ADES + aluminium/ADES + polyethylene film, density of 122 g·m−2), 
sealed and stored for 120 days at 25 ± 2 °C and 85% ± 5% of relative humidity. 
3.2. Headspace Extraction Procedure 
The volatile compounds were extracted according to the HS-SPME methodology optimized by 
Ceva Antunes et al. [14], using 6 g of natural red mombin pulp in 40 mL amber glass vials with 
polytetrafluoroethylene/silicone septa. The powder was reconstituted in distilled water until 17 °Brix, 
the same pulp soluble solids content before the dehydration. In each sample was added NaCl 30% 
(w/v) to reduce the solubility of organic compounds and increase the volatile extraction. 
DVB/CAR/PDMS (50/30 µm f.t.) fibers (Supelco, Bellefonte, PA, USA) were previously conditioned 
according to the manufacturer’s instructions and then exposed to the vial’s headspace under the 
following conditions: extraction time of 60 min at 25 °C, magnetic stirring at 250 rpm. 
3.3. Gas Chromatography-Flame Ionization Detector (GC-FID) Analyses 
The GC-FID analyses were adapted from a previously study [14] and carried out using a GC CP-3380 
instrument (Agilent, Palo Alto, CA, USA) equipped with a CP-Sil 8 CB (5% phenyl-polymethylsiloxane; 
30 m × 0.25 mm i.d.; 0.25 µm f.t.) capillary column (Agilent). After the extraction of volatile 
compounds from the HS, the fiber was injected into the GC-FID in the splitless mode for 2 min. The 
injector temperature was kept at 250 °C and the detector at 280 °C. Hydrogen was used as the carrier 
gas at a constant flow of 1.5 mL·min−1. The oven temperature programming started at 40 °C (2 min) 
and increased at 3 °C·min−1 to 210 °C (5 min). Analyses were performed in triplicates for each sample. 
3.4. Gas Chromatography-Mass Spectrometry (GC-MS) Analyses 
Identification of volatile compounds was performed in a GC-2010 instrument (Shimadzu, Kyoto, 
Japan) equipped with a QP-2010 mass spectrometer and DB-5 MS (30 m × 0.25 mm i.d.; 0.25 µm f.t.) 
capillary column (Agilent). The carrier gas was helium at a constant flow of 1.0 mL·min−1. Injection 
conditions, detector temperature and oven temperature gradient were the same used for GC-FID 
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analyses. Compounds were identified by comparing the mass spectra with those provided by the 
library of the National Institute of Standards and Technology (NIST) [25]. Retention indices (Kovats 
index) were calculated from a homologous series of alkanes (C7–C21). Peaks that showed similarity 
lower to 90% when compared to the spectrum or retention indices different to the library reference 
were excluded from analysis. Compounds were considered tentatively identified when it was based 
only on mass spectral data. 
4. Conclusions 
This study has showed that Spondias purpurea pulp appears to be unique in terms of volatiles 
composition. Furthermore, it was demonstrated that despite the significant reduction in volatile 
compounds after the SD process, the powder produced seems to be stable regarding its volatiles 
composition since the chromatogram area of dried samples stored in PP or LP showed no statistical 
differences among them after a period of 120 days of storage. It was possible to verify that the product 
could have sufficient stability to be marketed. However, more studies are needed to verify its 
nutritional aspects, as well consumer acceptance. Finally, this work shows how HS-SPME analysis can 
be a valuable tool to assess the quality and stability of fruit products. 
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